Electromechanical dissociation and its possible role in sudden cardiac death  by Fozzard, Harry A.
JACCVol. 5, No.6
June 1985:3IB-348
Electromechanical Dissociation and Its Possible Role in Sudden
Cardiac Death
HARRY A. FOZZARD , MD, FACC
Chicago, l/linois
318
Electromechanical dissociation is a rare but important
cause of death in some patients with cardiac ischemia.
It is a well characterized syndrome involving loss of
contractile function of the heart without arrhythmia.
Several other clinical syndromes, including massive pul-
monary embolism and cardiac rupture, can mimic elec-
tromechanical dissociation, so its incidence is difficult to
estimate. Experimental studies of early ischemic con-
tractile failure show preservation of adenosine triphos-
The term "electromechanical dissociation" describes a di-
verse group of pathophysiologic processes resulting in the
apparent loss of effective cardiac output in the presence of
a normal or near normal electrocardiogram. This syndrome
may be the result of secondary failure of the heart by a
dramatic decrease in preload of the left ventricle , or it may
bethe result of primary failure of the heart muscle to produce
tension in response to a normal electrical excitation . This
primary failure occurs in the setting of myocardial ischemia ,
and efforts to understand its mechanism are directed to the
cellular components of excitation-contraction coupling. The
roles of these primary and secondary types of electrome-
chanical dissociation in sudden cardiac death are not entirely
clear, but they are certainly less common than ventricular
tachyarrhythmias (l).
Secondary Electromechanical Dissociation
The clinical syndrome of electromechanical dissociation
is found in a variety of conditions where the contractile
ability of the myocardium is not impaired or is only sec-
ondarily affected . These conditions are important in the
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phate levels, and of the calcium ion release mechanism.
IntraceUular acidosis is temporarily correlated, but di-
rect causality cannot be assigned to the acidosis because
of the lack of necessary direct studies. The role of the
autonomic nervous system in triggering the sequence of
events leading to electromechanical dissociation is un-
clear and is a promising area for further study.
(J Am CoU CardioI1985;5:31B-34B)
differential diagnosis of the patient's condition and will be
mentioned to exclude them from further discussion. They
include massive pulmonary embolus, ball valve thrombus ,
external or internal exsanguination and cardiac rupture .
J) Massive pulmonary embolism is usually associated
with marked peripheral venous congestion , and arterial ox-
ygen desaturation can be found if time permits it to be
measured . 2) Sudden obstruction to inflow to the heart (and
much less often, to outflow) can result from an intracardiac
thrombus or from a malfunctioning artificial valve. The
clinical setting usually provides clues to this problem and
occasionally the phenomenon is positional. 3) Dramatic re-
duction in circulating blood volume can transiently resemble
electromechanical dissociation, especially if the exsanguin-
ation is internal (for example , from an aortic aneurysm) .
4) Sudden tamponade from cardiac rupture often is man-
ifested by a sudden failure of forward flow (loss of blood
pressure, soon followed by unconsciousness) . The electro-
cardiogram may at first appear unchanged, with bradycardia
and atrioventricular (AV) block developing later, followed
by asystole or ventricular fibrillation. Occasionally the rup-
ture is more gradual and surgical intervention can be life-
saving . In the setting of myocardial infarction , the clinical
picture of a large anterior or anteroseptal infarct, widespread
ST elevations and continued chest pain and the development
of conduction abnormalities can alert one to the greater
likelihood of cardiac rupture . With interventricular septal
rupture , pulmonary edema is often more prominent than is
loss of peripheral circulation.
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Primary Electromechanical Dissociation
After exclusion of the conditions that can mimic elec-
tromechanical dissociation, there remains a condition where
the heart muscle is able to respond to an adequate electrical
stimulus with only a weak contraction or none at all. This
condition is seen after restoration of adequate cardiac elec-
trical behavior after prolonged cardiac arrest from any cause
(2). It also can occur spontaneously in patients with ischemic
cardiac disease (3). Before discussing the syndrome in sud-
den death, it is important to characterize its clinical pattern.
Clinical features. Some of the most carefully studied
patients with electromechanical dissociation are those re-
ported on by Raizes et al. (3). They described 15 patients
with acute myocardial infarction (of 663 patients observed)
who had sudden loss of consciousness without preceding
symptoms of cardiac or respiratory failure or cardiac ar-
rhythmias. The patients had a sinus rhythm at a normal rate
but no palpable pulse or audible heart sounds. Subsequent
to the loss of cardiac contraction, the electrocardiogram-
monitored rhythm eventually deteriorated to conduction block,
idioventricular rhythm or asystole. Seven patients had post-
mortem studies confirming coronary arteriosclerosis. All of
the seven had posterior myocardial infarction, with obstruc-
tion of the right coronary artery, and no other cause of death.
In most of these patients there was significant obstructive
disease in the left coronary system without evidence of new
thrombosis.
These 15 patients were monitored with sufficient care to
conclude that they indeed represent primary electrome-
chanical dissociation. They constituted 2.3% of all patients
with documented acute myocardial infarction and 10% of
the deaths.
Role in sudden death. The frequency of electrome-
chanical dissociation as a cause of sudden out-of-hospital
cardiac death is difficult to determine. Pantridge and Adgey
(4) reported the cardiac rhythm in 126 patients in whom
cardiac resuscitation was attempted after out-of-hospital
cardiac arrest. Of the 55 patients who were observed within
4 minutes, 7 had asystole and 48 had ventricular fibrillation.
Similar observations have been made since then (5,6). It is
possible that the cardiac arrest in some of these patients was
"primary" electromechanical dissociation, but only rarely
have sufficient observations been made to rule out those
conditions that mimic electromechanical dissociation. One
of the best efforts to determine cause of death in out-of-
hospital coronary mortality was made in the Aspirin Myo-
cardial Infarction Study (7). The investigators concluded
that 97% of the sudden deaths (within I hour of onset of
symptoms) were caused by arrhythmias, leaving only 3%
for all other causes, including electromechanical dissocia-
tion. Because the only properly documented cases are those
occurring in the hospital, while the patients are monitored,
we must restrict our discussion of mechanism to these. In
these patients the syndrome of electromechanical dissocia-
tion is associated with acute or subacute ischemia.
Experimental Studies of Acute Ischemia
Mechanisms of loss of contraction. Acute ischemia
produced under experimental conditions rapidly leads to loss
of contraction (8). This loss of contraction without loss of
excitation could result from several mechanisms. Defects
in excitatory Ca2 + release could occur because of loss of
the triggering Ca2 + current or because of a change in the
sarcoplasmic reticular Ca2+ store. The Ca2 + sensitivity of
the contraction process (for example, affinity of Ca2+ for
troponin C) could be reduced by some metabolic factor such
as acidosis. Finally, adenosine triphosphate (ATP) energy
sources for contraction could be depleted.
Early after onset of ischemia, action potentials continue
(9), with some gradual decrease in the resting potential.
After several minutes the cells are sufficiently depolarized
to become inexcitable. This depolarization is due almost
entirely to an accumulation of extracellular K + (10,11).
However, the time course of change in action and resting
potentials and the accumulation of K + are too slow to be
the cause of contractile failure. The mechanism of extra-
cellular K + accumulation is not entirely clear, but Kleber
(11) showed that it is not the result of Na + -K + pump in-
hibition. In his experiments, intracellular Na + failed to in-
crease during the a~ accumulation, and the responses to
overdrive at rapid rates were as expected for a functional
Na" -K+ pump. Apparently, the cellular a~ loss is accom-
panied by loss of anions, such as lactate and phosphate, or
titration of fixed cellular anions by pH change.
Changes in calcium release. Because the action poten-
tial occurs without contraction, the next candidate for the
pathophysiologic process underlying electromechanical dis-
sociation in ischemia is failure of Ca2 + release from the
sarcoplasmic reticulum. This question was studied directly
by Allen and Orchard (12). They injected cardiac cells with
aequorin, a protein that emits light in the presence of Ca2+ .
The muscle quickly lost its contraction after onset of hyp-
oxia, but the phasic release of Ca2 +, monitored by light
output from the aequorin, was unchanged (Fig. 1). Under
these conditions the muscle became acidotic because of
continued anaerobic glycolysis. Acidosis is known to affect
the affinity of troponin C for Ca2 + (13), although it also
may affect the Ca2+ current (14) and the sarcoplasmic re-
ticulum (13,15). Nevertheless, it is clear that the acidosis
of hypoxia (and probably ischemia) does not initially in-
terfere with Ca2 + release, but produces its negative inotropic
effect by a shift in Ca2 + sensitivity of the contractile proteins.
The role of ATP depletion. Allen and Orchard (12)
did show that if anaerobic glycolysis is also blocked, in
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Figure 1. Effect of hypoxia and CN - on the Ca2 +
transient and tension in a ferret papillary muscle
stimulated at 0.33 Hz in glucose-containing Tyrode
solution at 30cC. The Ca2 + transient was monitored
by light output from aequorin injected into super-
ficial cells . A, The upper trace is light output and
the lower trace is tension . The marks above the
upper trace indicate periods when the noise of the
photomultiplier tube was being measured . B, Re-
cording s of averaged light signals and tension for
the periods indicated in A. The persistence of the
light signal in b indicates that Ca2+ release from
the sarcoplasmic reticulum was almost normal at a
time when contraction strength had decreased to
half its control value.
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addition to hypoxia, the Ca2+ transient does decrease. Un-
der these conditions the muscle is not acidotic because lac-
tate production is blocked .
Numerous studies of ATP and phosphocreatine in hy-
poxia and ischemia have shown that ATP levels are main-
tained at the time of contractile failure (16 ,17). ATP that
is used during the early phases of development of ischemia
is replaced by breakdown of phosphocreatine and, to some
degree, by anaerobic glycolysis . This process leads to sub-
stantial increases in inorganic phosphate and modest in-
creases in adenosine diphosphate (ADP). It is important to
realize that these metabolites affect the energy available
from ATP splitting:
o [ATP]
llG = llG + RT In [ADP] + [Pj'
where 6G is the free energy change from splitting of I ATP ,
6Gc is the free energy change under standard conditions,
R is the gas constant, T is absolute temperature in degrees
centigrade and In is the natural logarithm . The increase in
inorganic phosphate that occurs with phosphocreatine use
will substantially alter the free energy available from ATP ,
and this would result in some metabolic inefficiency .
Changes in intracellular pH. The major question in
this analysis of the mechanism of ischemic contractile
depression is whether the intracellular acidosis and the change
in affinity of troponin C for Ca2 + occur fast enough to be
the entire explanation for the contract ile failure . Measure-
ments of intracellular pH change s by magnetic resonance
show a pH decrease during 3 to 4 minutes, but each mea-
surement provides an integrated value over a time period
G-511C
(18). Consequently , the early time course is difficult to
measure (19). The magnetic resonance method uses the
phase shift for inorganic phosphate , and this may not rep-
resent the pH that the contractile proteins encounter. On the
other hand , extracellular pH changes occur quickly after
onset of ischemia. We must conclude that there is insuffi-
cient evidence at this time to attribute the contractile failure
entirely to a pH change . This question requires study with
techniques that can monitor pH more quickly or detect Ca2 +
binding to troponin, or both.
The Precipitating Event
The precipitating event for electromechanical dissocia-
tion in these experimental studies was ischemia or anoxia.
Clinically , global ischemia could result from sudden ob-
struction of the residual coronary artery system. In the few
autopsy studies available (3) , no evidence for vascular oc-
clusion was found. If this is the mechanism, then dramatic
global ischemia must result from coronary spasm or from
a severe decrease in arterial blood pressure . Once global
ischemia develops , it could be self-perpetuating. The pos-
sible role of the autonomic nervous system is suggested by
the high incidence of inferior myocardial infarction in pa-
tients developing electromechanical dissociation . Such a
mechanism would quickly suggest methods of preventing
the syndrome. An argument against general autonomic dys-
function is that the cardiac rhythm is usually normal during
the onset of electromechanical dissociation, and one would
expect autonomic nervous activity to be manifested in the
sinus node activity of the heart .
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Summary
Electromechanical dissociation can be documented as a
cause of death in some patients with acute cardiac ischemia.
It is characterized by a normal electrical pattern (normal
sinus rhythm) in the presence of loss of contractile function
of the left ventricle. It appears to be a small but significant
cause of sudden cardiac death. Several clinical syndromes,
including massive pulmonary embolus and cardiac rupture,
can mimic this electromechanical dissociation, so that its
incidence is impossible to estimate accurately.
Experimental studies show that early ischemic contractile
failure is associated with an intracellular acidosis, reducing
the binding of Ca2+ to troponin C. The acidosis is a con-
sequence of continued anaerobic glycolysis and consequent
lactic acid production. During this early period the ability
of the cell to store and release Ca2 + in response to the
electrical signal is nearly normal, so treatment with Ca2+
or the positive inotropic drugs that act by increasing Ca2+
is not beneficial. Other factors influencing the onset of con-
tractile failure cannot yet be excluded because measure-
ments of intracellular pH have not been made early enough
to permit direct correlation. The role of the autonomic nerv-
ous system in triggering the sequence of events leading to
electromechanical dissociation is quite unclear and is a
promising area for further study.
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